The green oak leaf roller, Tortrix viridana L., is one of the most destructive pests, causing damages to various species of oak, feeding on different host plants including Quercus infectoria Oliv, Q. branti Lindl, and Q. libani Oliv. Nutritional indices, activity of enzymatic and non-enzymatic compounds of T. viridana were studied under laboratory conditions. In addition, chemical components were analysed in the leaves of the three host plants. Fourth instar larvae reared on Q. branti showed the highest values of relative consumption rate (RCR), approximate digestibility, and consumption index (48.73±6.22; 90.45±1.06 and 97.45±12.44 respectively), while the lowest values were observed on Q. libani. Efficiency of conversion of ingested food in the fourth instar larvae was the highest (3.17±0.661) on Q. libani and the lowest (1.53±0.164) on Q. branti. The fifth instar larvae fed on Q. libani had the highest RCR (15.64±2.51). The highest amounts of triglycerides, uric acid, glucose, protein and the lowest activity of alkaline phosphatase were observed in the fifth instar larvae reared on Q. libani. The leaves of Q. libani highlighted the highest amounts of total nitrogen, total protein, water, potassium, magnesium and total carbohydrate. The present research suggested that the nutritional quality of the host plants have crucial effects on T. viridana larvae.
Introduction
The plant-insect interactions are a key component in elucidating host suitability for pests (Xue et al., 2010) . The responses of insect herbivores to changes in host plant quality are different according food sources (Awmack & Leather, 2002) . Quality and quantity of host plants could affect growth rate and population dynamics of insects (Slansky & Scriber, 1985; Rossiter, 1991; Ruan & Wu, 2001) .
Knowledge relating consumed food and its utilisation is useful for better comparison among different food materials, larval stages or environmental conditions. The amount of consumed food is achievable via measuring consumption and growth, since accurate determination of material needed for a diet is dependent on the amount of consumption (Ansari et al., 2012) . Differences among efficiencies of food materials are exhibited through food consumption and insect growth (Andreeva, 2010; Ansari et al., 2012) . The efficiency in which the taken food is digested or utilised for growth will differ not only with the maintenance requirement for energy but also with the balance of nutrients (Gordon, 1959) . Study of insect nutrition is significant in providing critical information for economic exploitation and management of insects and clarifying the relationship of energy among the communities (Awmack & Leather, 2002; Babic et al., 2008) .
The green oak leaf roller, T. viridana is one of the most destructive pests causing damages to various species of the genus Quercus sp. (Hunter, 1990) . Also, it is an economically important forest pest in the west of Iran (Fazeli & Abai, 1990) . T. viridana is a monophagous pest which feeds on oak leaves for almost six weeks. Larval period of T. viridana is less than one month (between 21-26 days) (Kalapanida-Kantartzi & Glavendekic, 2002) . Females lay their eggs on oak twigs in July as the overwintering stage (Hunter, 1990; Fazeli & Abai, 1990) . During mass outbreaks, the pest cause complete defoliation leading to wood weakness (Baltensweiler et al., 1977; Rubtsov & Utkina, 2003) . Some aspects of insects biology has been studied (Du Merle, 1999; Ivashov et al., 2002; Schröder & Degen, 2008; Kapller et al., 2011) . Little information is available on the effects of host plants on nutritional indices of T. viridana. So, objectives of the present research were to determine: i) food utilisation by the larvae of T. viridana on three different host plants; ii) effects of plant nutritional components on some biochemical compounds in T. viridana; and iii) the interaction between plant nutrients and host plant species on performance of the fourth and fifth instar larvae. 
Materials and methods

Host plants
Leaves of Q. libani, Q. infectoria, and Q. branti were prepared to be used in this study. These plants were selected being the main oak species in forests of northern Zagros in Marivan region (35° 31' 37'' N 46° 10' 35'' E) in Kurdistan province in west of Iran. Leaves were covered with compressed wet sponges to keep their humidity and refreshed daily.
Insect
Third instar larvae were collected from the host plants and were separately reared on each host plant, i.e., Q. branti, Q. infectoria and Q. libani. The fourth instar larvae were individually reared with their respective undamaged leave in a plastic container (14×10×5 cm). The whole plastic containers were transferred to a growth chamber at 26±2°C, 65±5% relative humidity and 16:8 L:D. These conditions were maintained throughout larval development.
Food consumption and utilisation
Food consumption and utilisation indices were measured according to Waldbauer (1968) and Slansky & Scriber (1985) using dry weights of each component. Newly moulted fourth instar larvae were weighed and transferred individually into plastic containers (14×10×5 cm) with a hole covered by a fine mesh net for ventilation, and provided with fresh undamaged leaves of each examined plant. The petioles of detached leaves were inserted into water-soaked cotton to maintain humidity. The larvae were checked daily and were provided with new undamaged leaves every day. Nutritional indices were determined using fourth and fifth instars since they are the most destructive stages on trees. Weight gain was measured as difference between final larval weight and weight at the beginning of the fourth instar. The weight of eaten food was calculated as the difference between the weight of newly served food and the leftovers found the next day. The following formulae were used according to Waldbauer (1968) to calculate: -consumption index (CI)=E/A; -approximate digestibility (AD)=E-F/E; -efficiency of conversion of ingested food (ECI)=P/E; -efficiency of conversion of digested food (ECD)=P/E-F; -relative consumption rate(RCR)=E/A*T; and -relative growth rate (RGR)=P/A*T, where: A=means dry weight of insect over unit time; E=dry weight of food consumed; F=dry weight of faeces produced; T=duration of feeding period; and P=insect dry weight gain.
Fifth instar larvae were reared on the host plants until pre-pupation and pupation. The oven dried weights of faeces and the remaining leaf fragments were acquired by drying them at 105°C for 24 h. The dried materials were allowed to be cool down in a desiccator before weighing. To acquire dry weight of leaves before feeding, fresh leaves were used to investigate a regression between oven dried weights as the dependent variable and fresh weight as independent variable.
Biochemical experiments
Thirty newly emerged fifth instar larvae of T. viridana were killed by freezing and homogenized in phosphate buffer 20 mmol pH 7.1 (1:1, w/v) before being centrifuged for 10 min at 14,000 g. The supernatant was transferred to new tubes and stored at -20°C until used. Alkaline phosphatase (EC 3.1.3.1) activity was followed as described by Mihara et al. (1988) . The substrate was incubated with tissue extract for 30 min and the reaction was stopped in by adding an alkaline solution. The spectral absorbance of p-nitrophenolate was read at 310 nm.
a-amylase activity was assayed using the dinitrosalicylic acid (DNS)
procedure (Bernfeld, 1955) , using 1% soluble starch (Merck, Darmstadt, Germany) as substrate. Ten microliters of the enzyme were incubated for 30 min at 35°C with 500 mL universal buffer and 40 mL soluble starch. The reaction was stopped with the addition of 100 mL DNS heating in boiling water for 10 min. DNS is a colour reagent which reacts with the reducing groups released from starch by a-amylase action. The boiling water stops the a-amylase activity and catalyzes the reaction between DNS and the reducing groups of starch. Absorbance was then measured at 540 nm. One unit of a-amylase activity was defined as the amount of enzyme required to produce 1 mg maltose in 30 min at 35°C. A blank without substrate but with a-amylase extract and a control containing no a-amylase extract but with substrate were measured at the same time as the reaction mixtures. All assays were performed in duplicate and each assay was repeated at least three times. A standard curve of a-amylase absorbance against the amount of maltose released was constructed to enable the calculation of the amount of maltose released during the a-amylase assays. Serial dilutions of maltose (Mr 360.32 mg/mol; Merck) in the universal buffer (pH 6.5) were made to produce the following concentrations: 0.125, 0.25, 0.5, 1 and 2 mg mL -1 . Glucose was analysed based on Siegert (1987) and total cholesterol was measured according to Richmond (1973) , which involves hydrolysing cholesterol esters with cholesterol oxidase, cholesterol esterase and peroxidase. Uric acid contents in the samples were determined using uricase as described by Valovage & Brooks (1979) at 492 nm. Urea was measured with urease-GDH kit (Biochem. Co, Iran) at 340 nm following the manufacturer's protocol.
Foliar chemistry of plant materials
Fresh leaves of Q. branti, Q. infectoria and Q. libani were collected from Marivan oak forest in Kurdistan. The leaves were washed by distilled water and dried at room temperature in shade. The amounts of potassium, calcium and magnesium were determined by atomic absorption techniques according to Hanlon (1992) . Phosphorus was measured based on Moore (1992) . Samples diluted as 20, 40, 60 and 80 mg P L -1 and those were incubated for at least 30 min. Then the absorbance was read at 660 nm with a visible spectrophotometer. Carbohydrate was measured based on Yoshida (Yoshida et al., 1976) and total nitrogen was analyzed according to the technique in Baker and Thompson (1992) . Finally, total protein was calculated as %TP=the percent of TN × 6.25. Each experiment was replicated three times.
Statistical analysis
Analysis of foliar carbohydrate, water, protein, nitrogen and other mineral components levels, larval consumption rates, concentration of biochemical compounds of T. viridana were compared among three host plants with one-way analysis of variance (ANOVA) using SPSS 19.0 software after determination of data normality, using arcsine transformation. Post-hoc multiple comparisons were made using least significant difference. Three replicates per experiment for oak leaf analyses and biochemical compounds were considered.
Results
Results of nutritional indices in fourth and fifth instar of T. viridana are presented in Tables 1 and 2 were on Q. libani (3.17±0.661) and Q. branti (1.53±0.164), respectively (F=2.835; df=2, P≤0.9). The fourth instar larvae reared on the host plants showed no significant differences on RGR and ECD. The results presented in Table 2 showed no significant differences for all nutritional indices excluding RCR and RGR in the fifth instar larvae. RCR was the highest in the larvae reared on Q. libani leaves but the lowest value was obtained on Q. infectoria (F=5.899; df=2, P≤0.05). However, the highest and the lowest values of RGR were found on Q. branti (0.81±0.03) and Q. infectoria, respectively (0.35±0.03) (F=11.4; df=2, P≤0.01).
The effects of feeding host plants on some biochemical and metabolic compounds in T. viridana are given in Table 3 . The amounts of triglyceride and Uric acid in larvae reared on Q. libani were significantly higher than other two treatments (F=17.794; df=2, P≤0.01 and F=17.72; df=2, P≤0.01 respectively). The amount of glucose was highest in the larvae reared on Q. libani, but there was no significant differences between Q. libani and Q. branti (Table 3 ) (F=8.57; df=2, P≤0.05). The total protein of fifth instar larvae in Q. libani was more than other two treatments (F=20.29; df=2, P≤0.01). The activity of alkaline phosphatase (ALP) in fifth instar larvae fed on Q. branti treatment was relatively more than other two treatments (F=21.23; df=2, P≤0.01).
The nutritional components of T. viridana on the three host plants are shown in Table 4 . The results showed that the concentration of calcium was the highest in the leaves of of Q. branti. (F=13.849; df=2, P≤0.01). The concentrations of potassium and magnesium were the highest in the leaves of Q. libani. (F=15.694; df=2, P≤0.01; F=4.13; df=2, P≤0.05), respectively ( Table 4) . The highest (6.64±0.328) and the lowest (4.66±0.243) values of total carbohydrate were found in the leaves of Q. libani and Q. infectoria, respectively. According to Table 4 , there was no difference among concentrations of phosphorous in the leaves of three host plants. The highest concentrations of total nitrogen and total protein were in the leaves of Q. libani (F=8.275, df=2, P≤0.05). The results of F test shows that the differences between three host plants on water content are at limit of significance (F=2.629; df=2, P≤0.05). 
Article
Discussion and conclusions
The quality of host plant is associated with herbivore suitability including physical attributes, allelochemicals and/or nutritional composition (Mattson & Scriber, 1987; Hasan & Ansari, 2010) . The quality of host plant describes the component of food which includes both absolute and relative amounts of proteins, amino acids, lipids, fatty acids, carbohydrates, water, minerals and vitamins, in which positively or negatively affect the performance of herbivorous insects (Sharma et al., 1982; Samraj & David, 1989) . All these data emphasize that nitrogen content of host plants is an important limiting factor for herbivores (Zhong-Xian et al., 2007; Ansari et al., 2012) . Previous studies emphasized that insects reared on plants containing the high amount of nitrogen had a significantly faster developmental time than individuals reared on the low amount of nitrogen regimes (Taylor, 1984; Morehouse & Rutowski, 2010; Shobana et al., 2010; Roy & Barik, 2013) . Wheeler & Halpern (1999) showed the adverse effects of low-nitrogen plants on development time, biomass, growth rates, and nitrogen assimilation rates in Samea multiplicalis Guenee (Lep.: Pyralidae) larvae. In the current study, the nitrogen content in leaves of Q. libani was the highest among host plants. Moreover, fifth-instar larvae reared on Q. libani leaves had the highest dry weight, which is probably due to the high content of nitrogen in leaves. Taylor (1984) showed that larval weights in S. multiplicalis were positively related to nitrogen content in the diet. Furthermore, Morehouse & Rutowski (2010) investigated that the larvae reared on reduced nitrogen diets exhibited lower relative growth rate and longer developmental time. In our experiment, larvae of T. viridana reared on the host plant containing high contents of nitrogen and protein had the lowest CI but those had the higher values of RGR, ECD and ECI on the leaves of Q. libani. During the fourth instar, efficiencies of food (ECI, ECD) were higher on larvae fed on the leaves of Q. libani compared to the larvae fed on the two other host plants. The low content of water is a preventing factor if growth rate in caterpillars (Mattson & Scriber, 1987; Shobana et al., 2010; Roy & Barik, 2013) . Our results showed that the water contents were in the order of Q. libani > Q. infectoria > Q. branti, probably influencing the higher relative growth rate (RGR) in the fourth instar larvae of T. viridana when fed on Q. libani leaves. Obvious variation was observed in food consumption and utilisation of T. viridana when fed on these three host plants. This response is apparently due to nutritional contents of the plant, which varied significantly in the contents of protein, carbohydrate and some minerals (Ca, P, and Mg). This study indicated the highest value of RGR in T. viridana fed on Q. libani but the larvae reared on Q. infectoria showed the lowest value of RGR, which is probably due to the highest and lowest carbohydrate contents in these plants, respectively. The leaves of Q. libani contained the highest amount of total protein suggesting the faster growth of T. viridana. Shobana et al. (2010) and Roy & Barik (2013) demonstrated the relationship between food efficiencies and contents of protein and carbohydrate content which are similar to our findings. However, Morehouse & Rutowski (2010) showed that nitrogen content is a key factor in growth and development, but carbohydrate content is a less limiting factor.
Data on nutritional indices differ from fourth and fifth instar larvae. The reason might be bound to different nutritional needs of insect during growth and developmental phases (Barton Brown, 1995) . Naseri et al. (2010) and Hemati et al. (2012) also reported similar results in Helicoverpa armigera (Hubner) (Lep.: Noctuidae) Moreover, several studies showed the importance of mineral contents of diet on performance of insects. For example, Clancy & King (1993) showed that performance of Choristoneura occidentalis Obraztsov (Lep.: Tortricidae) was optimal at low magnesium and moderate phosphorus concentrations, whereas calcium had little effect. In contrast, McKinnon et al. (1999) showed that magnesium may be positively correlated with infestation of galling adelgid (Adelges tsugae Annand) (Hem.: Adelgidae). In the present study, a clear relation was observed between growth and food consumption of T. viridana on different host plants. This may be related to the mineral contents of plants. On the other hand, the highest concentrations of potassium and magnesium were found in the leaves of Q. libani probably had a positive effect on T. viridana performance.
The results of our study showed that the feeding of T. viridana larvae on various host plants brings significant changes in biochemical processes of larvae. ALP is a hydrolysing enzyme responsible for removing phosphate groups from many types of molecules including, proteins and alkaloids (Hasheminia et al., 2011) . Toxic chemicals, on the other hand, decrease the nutrition efficiency and ALP activity (Yoshitake et al., 1966; Eguchi & Iwamoto, 1975) . Our results showed that the activity level of this enzyme is different according to the type of host plant. We observed the highest and the lowest levels in the larvae fed on Q. branti and Q. libani, respectively and the highest and lowest concentrations of triglyceride and uric acid respectively in larvae fed on Q. libani and Q. branti. The higher nutritional value bound to total nitrogen and total protein in the leaves of Q. libani may be an explanation.
To sum up results of the present study indicates that nutritional quality of the host plants has a significant effect on nutritional efficiency and biochemical compounds in the larvae of T. viridana. Total protein, total nitrogen, carbohydrate are essential nutrients and water is a critical component. Variations in their levels explain the observed differences in biochemical composition and consumption rate of the larvae on different host plants. These results emphasized that the suitability of host plants can be classified as follows (descending in suitability): Q. libani, Q. infectoria and Q. branti. The present results will be employed in future IPM programs for controlling this insect of economic importance.
